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(57) ABSTRACT

Described herein 1s a technique capable of adjusting an 1nner
pressure of a process chamber into a high vacuum state in a
short time. According to one aspect of the technique, there
1s provided a substrate processing apparatus including: a
process chamber; a main exhaust line including a first pipe,
a first opeming degree adjusting valve, an opening/closing
valve and a pressure sensor; a bypass exhaust line including
a second pipe and a second opening degree adjusting valve;
and a controller configured to adjust an inner pressure of the
process chamber by: (a) adjusting an opening degree of the
second opening degree adjusting valve; (b) closing the
second opening degree adjusting valve and opening the
opening/closing valve and the first opening degree adjusting
valve; and (¢) closing the opening/closing valve and the first
opening degree adjusting valve and adjusting the opening
degree of the second opening degree adjusting valve.
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SUBSTRATE PROCESSING APPARATUS
CAPABLE OF ADJUSTING INNER
PRESSURE OF PROCESS CHAMBER
THEREOFKF AND METHOD THEREFOR

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This non-provisional U.S. patent application claims pri-
ority under 35 U.S.C. § 119 of Japanese Patent Application
No. 2019-144877, filed on Aug. 6, 2019, and Japanese
Patent Application No. 2020-117977, filed on Jul. 8§, 2020,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

1. Field

The present disclosure relates to a substrate processing
apparatus and a non-transitory computer-readable recording
medium.

2. Related Art

In manufacturing processes of a semiconductor device, a
substrate processing apparatus of a vertical type may be used
as an apparatus of performing a substrate processing on a
semiconductor substrate (hereinafter, also simply referred to
as a “‘substrate”) serving as an object to be processed
including the semiconductor. In particular, according to
some related arts, 1n a substrate processing apparatus con-
figured to perform the substrate processing under a reduced
pressure, a main exhaust line 1s provided across an exhauster
such as a pump, an opemng/closing valve and an APC
(Automatic Pressure Control) valve are provided at the main
exhaust line, a bypass exhaust line including an opening/
closing valve and bypassing the opening/closing valve of the
main exhaust line 1s provided, and the APC valve 1s provided
on both the main exhaust line and the bypass exhaust line.

According to some related arts described above, by pro-
viding the APC valve at the bypass exhaust line, 1t 1s possible
to gradually reduce an inner pressure of a reaction chamber
from atmospheric pressure to a predetermined pressure so
that particles (for example, quartz) in the reaction chamber
are prevented from diffusing due to a pressure diflerence
between the reaction chamber and a turbo molecular pump
serving as the exhauster.

However, since a diameter of a pipe of the bypass exhaust
line described above 1s considerably smaller than a diameter
ol a pipe of the main exhaust line described above, it may
take time to reduce the inner pressure of the reaction
chamber from the atmospheric pressure to the predetermined
pressure. On the other hand, recently, as the substrate
processing, a film-forming process in which a process cham-
ber (that 1s, the reaction chamber) 1s 1n a higher vacuum state
as compared with a conventional process may be performed.

SUMMARY

Described herein 1s a technique capable of bring an inner
pressure ol a process chamber into a high vacuum state 1n a
short time without diffusing particles in the process chamber.

According to one aspect of the techmque of the present
disclosure, there 1s provided a substrate processing appara-
tus including: a process chamber 1 which a substrate 1s
processed; a main exhaust line including: a first pipe con-
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figured to discharge the gas from the process chamber; a first
opening degree adjusting valve provided at the first pipe; an
opening/closing valve provided at the first pipe; and a
pressure sensor provided at the first pipe and configured to
detect an inner pressure of the process chamber; a bypass
exhaust line including: a second pipe connected to the main
exhaust line; and a second opening degree adjusting valve
provided at the second pipe; and a controller configured to
adjust the inner pressure of the process chamber to a process
pressure by performing: (a) reducing the mner pressure of
the process chamber to a first pressure by adjusting an
opening degree ol the second opening degree adjusting
valve based on information from the pressure sensor; (b)
reducing the inner pressure of the process chamber to a
second pressure by closing the second opening degree
adjusting valve and opening the opeming/closing valve and
the first opening degree adjusting valve when the inner
pressure of the process chamber reaches the first pressure;
and (c) adjusting the mner pressure of the process chamber
to the process pressure by closing the opening/closing valve
and the first opening degree adjusting valve and adjusting
the opening degree of the second opening degree adjusting
valve when the inner pressure of the process chamber
reaches the second pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an overall configuration
ol a substrate processing apparatus according to one or more
embodiments described herein.

FIG. 2 schematically 1llustrates an exhaust system of the
substrate processing apparatus according to the embodi-
ments described herein.

FIG. 3 schematically illustrates an exemplary operation of
reducing a pressure from atmospheric pressure to a first
pressure by the exhaust system according to the embodi-
ments described herein and an exemplary operation of
reducing the pressure from a second pressure to a high
vacuum range by the exhaust system according to the
embodiments described herein.

FIG. 4 schematically illustrates an exemplary operation of
reducing the pressure from the first pressure to the second
pressure by the exhaust system according to the embodi-
ments described herein.

FIG. 5 1s a graph schematically illustrating a pressure
reduction state while operating the exhaust system according
to the embodiments described herein.

FIG. 6 1s a tlow chart schematically illustrating operations
of the exhaust system according to the embodiments
described herein.

DETAILED DESCRIPTION

Hereinafter, one or more embodiments (also simply
referred to as “embodiments”) according to the technique of
the present disclosure will be described with reference to the
drawings. In the drawings, the same or equivalent constitu-
ents are designated by the same reference numerals. In
addition, dimensional ratios 1n the drawings may be exag-
gerated for convenience of explanation, and may differ from
the actual ratios. An upper direction of each drawing will be
referred to as “upper” or “upper portion”, and a lower
direction of each drawing will be referred to as “lower” or
“lower portion” 1n the following description. Further, each
pressure described 1n the present embodiments may refer to
a gas pressure.
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<QOverall Configuration of Substrate Processing Appara-
tus>

As shown 1n FIG. 1, a substrate processing apparatus 100
according to the present embodiments includes: a reaction
furnace (which 1s a process furnace) 10 imncluding a process
chamber 20 1n which a substrate 30 i1s processed; a spare
chamber 22 including a boat 26 configured to transier the
substrate 30 to the process chamber 20; a gas introduction
line (which 1s a gas itroduction system) 40 configured to
introduce a gas mto the process chamber 20; an exhaust
system 50 configured to discharge (exhaust) the gas in the
process chamber 20 from the process chamber; and a main
controller 70 configured to control operations of the sub-
strate processing apparatus 100.

<Reaction Furnace>

As shown 1n FIG. 1, the process chamber 20 including a
reaction tube 12 and a furnace opeming flange 14 1s provided
in the reaction furnace 10. The reaction tube 12 1s of a
cylindrical shape, and an axis of the reaction tube 12 is
provided i1n the vertical direction. The furnace opemng
flange 14 1s of a cylindrical shape. The furnace opening
flange 14 1s connected to a lower portion of the reaction tube
12 via an airtight seal 12A interposed therebetween, and an
axis of the furnace opening flange 14 1s provided in the
vertical direction. An inner tube 16 i1s supported in the
reaction tube 12 of the reaction furnace 10 so as to be
concentric with the reaction tube 12. A heater 18 1s provided
on an outer circumierence of the reaction tube 12 so as to be
concentric with the axis of the reaction tube 12 and spaced
apart from an outer surface of the reaction tube 12. The
heater 18 1s configured to receive a signal from the main
controller 70 described later to generate heat, and to heat the
reaction tube 12. Thus, the reaction furnace 10 1s constituted
by the reaction tube 12, the furnace opening flange 14, the
inner tube 16, the heater 18 and the process chamber 20. The
substrate 30 may be accommodated in the process chamber
20.

<Spare Chamber=>

As shown 1n FIG. 1, the spare chamber 22 includes a
transier housing 24 airtightly communicating with a lower
portion of the furnace opening flange 14. The boat 26 1s
provided in the transfer housing 24 so as to be vertically
movable. The boat 26 accommodating the substrate 30 may
be transported and inserted (that 1s, loaded) 1nto the process
chamber 20. A second gas introduction line (which 1s a
second gas introduction system) 44 of the same configura-
tion as the gas mtroduction line 40 described later 1n detail
may be connected to a lower portion of the transier housing,
24 such that the gas mtroduced into the process chamber 20
may be mtroduced through the second gas introduction line
44. In addition, a furnace opening lid 28 configured to
airtightly close the transier housing 24 1s provided below the
boat 26 and the transfer housing 24.

<(as Introduction Line>

As shown 1n FIG. 1, the gas introduction line 40 includes:
a gas supplier (which 1s a gas supply system, not shown); a
gas introduction pipe 40A connecting the gas supplier and
the furnace opening flange 14; and a flow rate controller 42
provided at the gas mtroduction pipe 40A between the gas
supplier and the furnace opening flange 14. The flow rate
controller 42 1s configured to control an amount of the gas
introduced by the gas introduction line 40 (also referred to
as a “gas mtroduction amount”) by opening and closing a
valve (not shown) provided 1n the flow rate controller 42 in
accordance with a signal from the main controller 70
described later. The second gas introduction line 44 1s of the
same configuration as the gas introduction line 40 except
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that the gas supplier of the second gas introduction line 44
and the lower portion of the transier housing 24 communi-
cate with each other. The second gas introduction line 44 1s
provided as a backup of the gas introduction line 40. For
example, the gas used 1n the present embodiments includes
an 1nert gas, and specifically, a nitrogen gas.

<Main Controller>

The main controller 70 1s configured to control the overall
operation of the substrate processing apparatus 100. The
main controller 70 may be embodied by a computer that
includes components such as a CPU (central processing

unit), a ROM (Read Only Memory), a RAM (Random

Access Memory), a storage device, an mput device, a
display and a communication interface, which are not shown
in the drawings. Each component of the computer described
above 1s connected to a bus of the computer. Based on
information inputted from the input device, the main con-
troller 70 executes a substrate processing program config-
ured to perform various processes 1n the substrate processing
apparatus 100. For example, the main controller 70 executes
a process recipe (which 1s one of substrate processing
programs) to control a substrate processing (which 1s a part
of manufacturing processes of a semiconductor device).
When controlling the substrate processing, the main con-
troller 70 1s configured to control an opening/closing opera-
tion of a gate valve 56 of the exhaust system 50. In addition,
in cooperation with an APC controller 72 described later, the
main controller 70 1s configured to control an inner pressure
of the process chamber 20 by adjusting opening degrees of
a first APC valve 58A and a second APC valve 58B
described later. According to the present embodiments, the
main controller 70 1s an example of a controller, and the
APC controller 72 described later 1s an example of the
controller. That 1s, the controller may be constituted by the
main controller 70 and the APC controller 72. Hereinatter,
the description “the APC valve 1s closed” means that the
opening degree of the APC valve 1s 0%, and the description
“the APC valve 1s open” means that the opeming degree of
the APC valve 1s 100%.
<Exhaust System>

As shown 1 FIGS. 1 through 3, the exhaust system 50
includes a main exhaust line (which 1s a main exhaust
system) 52 and a bypass exhaust line (which 1s a bypass
exhaust system) 34. The main exhaust line 52 includes: a
large-diameter pipe 5S2A serving as a {irst pipe configured to
discharge the gas from the process chamber 20; the first APC
valve S8A and the gate valve 56 provided at the pipe 52A;
and a pressure sensor group 62 provided at the pipe 52A and
configured to detect the mnner pressure of the process cham-
ber 20. The bypass exhaust line 54 at least includes: a pipe
54 A connected to the pipe 52A and serving as a second pipe;
and the second APC valve 38B provided at the pipe 54A.
When a diameter of the pipe 52A 1s represented by “D”, a
diameter of the pipe 34A 1s equal to “Dx(0.5 to 0.9)”. That
1s, the diameter of the pipe 54 A 1s less than that of the pipe
52A. According to the present embodiments, the gate valve
56 1s an example of an opening/closing valve, the first APC
valve 58A 1s an example of a first opeming degree adjusting
valve, and the second APC valve 58B 1s an example of a
second opening degree adjusting valve. One end of the main
exhaust line 52 serving as a stream end opposite to the
process chamber 20 1s connected to a suction side of a pump
60. The exhaust system 30 may further include the pump 60.

The exhaust system 50 1s controlled by the APC controller

72 controlling the first APC valve S8 A and the second APC
valve 38B and the main controller 70.
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<Main Exhaust Line>

As shown 1n FIG. 1, the pipe 52A, via which the process
chamber 20 communicates with the pump 60, and the {first
APC valve 58A and the gate valve 56 disposed between the
process chamber 20 and the pump 60 are provided at the
main exhaust line 52. The gate valve 36 1s electrically
connected to the main controller 70. The gate valve 56 is
opened or closed (that 1s, the opening/closing operation of
the gate valve 56 1s performed) based on a signal from the

main controller 70 electrically connected to the pressure
sensor group 62 described later. The first APC valve S8A 1s

clectrically connected to the APC controller 72, and an
opening/closing operation and an opening degree adjusting
operation of the first APC valve 38 A are performed based on
a signal from the APC controller 72 electrically connected to
the pressure sensor group 62 described later. The main
exhaust line 52 1s configured to exhaust the gas in the
process chamber 20 from the process chamber 20 by a
suction operation of the pump 60 when the first APC valve
58 A and the gate valve 56 are open. According to the present
embodiments, for example, the diameter of the pipe 52A 1s
200 mm (200 ®).

<Bypass Exhaust Line>

As shown 1 FIG. 1, the pipe 534A, via which a branch
portion 54B communicates with a confluence portion 54C,
and the second APC valve 58B disposed at the pipe 54A
between the branch portion 54B and the confluence portion
54C are provided at the bypass exhaust line 54. The branch
portion 54B where the pipe 54 A 1s branched ofl from the
pipe 52A 1s provided at the pipe 52A between the process
chamber 20 and the gate valve 56. The confluence portion
54C where the pipe 54 A joins the pipe 52A again 1s provided
at the pipe 52A between the gate valve 56 and the pump 60.
The second APC valve 58B 1s electrically connected to the
APC controller 72, and an opeming/closing operation of the
second APC valve 58B is performed while adjusting the
opening degree of the second APC valve 38B based on an
operation signal (which 1s an operation command) from the
APC controller 72. The APC controller 72 1s configured to
receive pressure information of the process chamber 20 from
the main controller 70 electrically connected to the pressure
sensor group 62 described later, and configured to generate
the operation signal. The bypass exhaust line 54 1s config-
ured to exhaust the gas in the process chamber 20 by the
suction operation of the pump 60 when the gate valve 56 1s
closed. The diameter of the pipe 54A 1s 40 mm or more and
180 mm or less, preferably, 80 mm or more and 140 mm or
less, and more preferably, 80 mm or more and 100 mm or
less (80D or more and 100d or less). According to the
present embodiments, for example, the diameter of the pipe
54A 15 100 mm (100®). As long as the diameter of the pipe
54A of the bypass exhaust line 54 1s smaller than the
diameter of the pipe 52A of the main exhaust line 52, the
diameter of the pipe S4A may be greater than 180 mm.
However, when the diameter of the pipe 54A 1s too large,
there 1s no need to provide the bypass exhaust line 54. In
addition, when the diameter of the pipe 534 A 1s greater than
140 mm, particles may be generated during the exhaust
process Irom the atmospheric pressure described later,
despite the adjustment of the APC valve such as the second
APC valve 58B. On the other hand, when the diameter of the
pipe 54 A 1s too small, an exhaust capacity of an exhaust line
such as the bypass exhaust line 534 may adversely aflect the
substrate processing. For example, when the diameter of the
pipe 54A 1s 40 mm or less, the exhaust capacity may
adversely aflect the substrate processing.
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<Pressure Sensor Group>

As shown in FIG. 1, the pressure sensor group 62 is
provided so as to commumnicate with each other by a plurality
of pipes 62A. The plurality of the pipes 62A are connected
to the pipe 52A at a portion adjacent to the branch portion
548 of the pipe 52A and between the process chamber 20
and the branch portion 54B. The pressure sensor group 62 1s
clectrically connected to the main controller 70, and 1s
configured to transmit the pressure iformation of the pro-
cess chamber 20. As described later, the pressure sensor
group 62 1s constituted by an atmospheric pressure sensor
64, a first vacuum sensor 68 and a second vacuum sensor 66,
which are described later. As shown in FIG. 2, the first
vacuum sensor 68, the second vacuum sensor 66 and the
atmospheric pressure sensor 64 are sequentially provided 1n
this order at the plurality of the pipes 62A connected to the
pipe 52A, respectively. The plurality of the pipes 62A are
connected to the pipe 52A sequentially away from the
branch portion 54B toward the process chamber 20. Accord-
ing to the present embodiments, each of the atmospheric
pressure sensor 64, the first vacuum sensor 68 and the
second vacuum sensor 66 1s an example of a pressure sensor.

<Atmospheric Pressure Sensor>

As shown 1n FIG. 2, the atmospheric pressure sensor 64
1s provided at one of the pipes 62A closest to the process
chamber 20 among the plurality of the pipes 62A connected
to the pipe 52A, and 1s configured to detect a pressure within
a range close to the atmospheric pressure.

<First Vacuum Sensor>

As shown in FIG. 2, the first vacuum sensor 68 1s
provided at one of the pipes 62A, and serves as a wide-range
pressure sensor capable of detecting a pressure ranging from
a pressure level close to the atmospheric pressure to a
predetermined vacuum level (10" Pa to 10° Pa). According
to the present embodiments, for example, the first vacuum
sensor 68 1s configured to detect the pressure within a range
from the atmospheric pressure to a second pressure P2 (for
example, 10 Torr).

<Second Vacuum Sensor>

As shown 1n FIG. 2, the second vacuum sensor 66 is
provided at the pipe 62A. The second vacuum sensor 66 1s
provided with a valve 66A. The valve 66A 1s opened when
the pressure 1s reduced to a predetermined pressure. Accord-
ing to the present embodiments, for example, the valve 66 A
1s configured to be opened when the pressure 1s at the second
pressure P2. The second vacuum sensor 66 serves as a
pressure sensor capable of detecting the pressure i a high
vacuum range (high vacuum state). According to the present
embodiments, for example, the valve 66A 1s opened at the
second pressure P2 (for example, 10 Torr) so that the second
vacuum sensor 66 can detect the pressure.

As described above, each of the atmospheric pressure
sensor 64, the first vacuum sensor 68 and the second vacuum
sensor 66 1s electrically connected to the main controller 70.

<APC Controller>

As shown 1n FIGS. 1 and 2, the APC controller 72 1s
provided at the pipe 52A of the main exhaust line 52
between the gate valve 56 and the pipe 62A or between the
gate valve 56 and the branch portion 54B. The APC con-
troller 72 1s electrically connected to the main controller 70
and the APC controller 72. As described above, the APC
controller 72 1s configured to recerve the pressure informa-
tion of the process chamber 20 from the main controller 70,
and 1s configured to adjust the opening degrees of the first
APC wvalve 58A and the second APC valve 58B. As
described above, according to the present embodiments, the
APC controller 72 1s an example of the controller.
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<Operation of Exhaust System>

Hereinafter, operations and procedures of the substrate
processing apparatus, a method of manufacturing the semi-
conductor device and the substrate processing program (or a
non-transitory computer-readable recording medium) by the
exhaust system 50 will be described with reference to FIGS.
3 through 6.

According to the present embodiments, for example, the
exhaust system 50 1s configured to reduce the mner pressure
of the process chamber 20 by adjusting the opening degree
of the second APC valve 58B by the main controller and the
APC controller 72 based on the information from the
pressure sensor group 62 such that the inner pressure of the
process chamber 20 reaches the first pressure P1. When the
inner pressure ol the process chamber 20 reaches the first
pressure P1, the exhaust system 50 1s configured to reduce
the inner pressure of the process chamber 20 by closing the

second APC valve 38B and opening the first APC valve 58A

and the gate valve 36 such that the inner pressure of the
process chamber 20 reaches the second pressure P2. When
the 1mner pressure of the process chamber 20 reaches the
second pressure P2, the exhaust system 50 1s configured to
reduce the mnner pressure of the process chamber 20 by
closing the first APC valve 58A and the gate valve 56 and
adjusting the opening degree of the second APC valve 58B
such that the inner pressure of the process chamber 20 1s
reduced to a predetermined high vacuum state. According to
the present embodiments, the pressure lower than the second
pressure P2 1s referred to as the “high vacuum state”. In
addition, the exhaust system 50 1s configured to reduce the
inner pressure of the process chamber 20 to the pressure
lower than the second pressure P2 in the high vacuum range
and to maintain a process pressure ol processing the sub-
strate 30.

A vertical axis shown i FIG. 5 represents the inner
pressure of the process chamber 20, and a horizontal axis
shown 1n FIG. 5 represents a pressure reduction time (1.€., an
amount of time taken to complete pressure reduction). A
pressure reduction line “A” according to the present embodi-
ments 1s 1llustrated by a thick line 1n FIG. §, and a pressure
reduction line “B” according to a comparative example 1s
illustrated by a thin line 1n FIG. 5. The atmospheric pressure
PO is about 1.023x10° Pa (about 760 Torr), the first pressure
P1 is about 9.066x10* Pa (about 680 Torr), and the second
pressure P2 is about 1.333x10° Pa (about 10 Torr). When
reducing the inner pressure of the process chamber 20 from
the atmospheric pressure, a slow exhaust 1s performed first.
However, the slow exhaust actually takes a few seconds,
which 1s negligible compared with the time of about 35
minutes to 10 minutes which would be taken for pressure
change from the atmospheric pressure PO to the second
pressure P2. Therefore, in the present specification, the
illustration of the slow exhaust 1s omitted in FIG. 5, and a
description of the slow exhaust will be omitted below.

<Pressure Reduction from Atmospheric Pressure to First
Pressure>

First, a step of reducing the inner pressure of the process
chamber 20 from the atmospheric pressure PO to the first
pressure P1 at a predetermined rate 1s performed.

First, a plurality of substrates including the substrate 30
accommodated 1n the boat 26 are transferred and inserted
into the process chamber 20 using the boat 26. When the
plurality of the substrates are inserted into the process
chamber 20 using the boat 26, the inner pressure of the
process chamber 20 1s set to the atmospheric pressure (Step

S01). In the step S01, the first APC valve 58 A, the gate valve
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56 (also indicated by a reference numeral “561) and the
second APC valve 58B (also indicated by a reference
numeral “581”) are closed.

As shown 1n FIGS. 3 and 6, the pump 60 1s operated first.
Subsequently, the first APC valve 58A and the gate valve 56
provided at the pipe 52A of the main exhaust line 52 are
closed 1n response to a closing signal (which 1s a closing
command) from the main controller 70. In FIG. 3, 1n order
to facilitate the understanding, the gate valve 561 1s addi-
tionally illustrated to indicate a closed state of the gate valve
56. In addition, the second APC valve 58B provided at the
pipe 5S4 A of the bypass exhaust line 54 1s opened gradually
from a closed state toward an open state by adjusting the
opening degree of the second APC valve 38B 1n accordance
with an opening signal (which 1s an opening command) from
the APC controller 72. In FIG. 3, 1n order to facilitate the
understanding, the APC valve 381 1s additionally illustrated
to mdicate a state of the APC valve 58B shifting from the
closed state toward the open state while 1ts opening degree
being adjusted (Step S02).

Then, the inner pressure of the process chamber 20 1s
reduced from the atmospheric pressure PO toward the first
pressure P1 while adjusting the opening degree of the
second APC valve 58B (Step S03). According to the present
embodiments, for example, since the diameter of the pipe
54A 15 0.5 times to 0.9 times the diameter of the pipe 52A,
the gas 1n the process chamber 20 1s efliciently exhausted
from the process chamber 20 as compared with the com-
parative example 1n which a thin pipe less than 0.5 times the
diameter of the pipe 52A 1s used as the pipe 54A. In other
words, the time (that 1s, the pressure reduction time) for
reducing the mner pressure of the process chamber 20 from
the atmospheric pressure PO to the first pressure P1 1s
shortened (refer to the pressure reduction lines “A” and “B”

in FIG. 5).

<Pressure Reduction from First Pressure to Second Pres-
sure>

Subsequently, a step of reducing the inner pressure of the
process chamber 20 from the first pressure P1 to the second
pressure P2 1s performed.

Belore the inner pressure of the process chamber 20 1s
reduced from the first pressure P1 to the second pressure P2,
the atmospheric pressure sensor 64 1s turned ofl, the valve
66A of the second vacuum sensor 66 remains closed, and the
first vacuum sensor 68 detects whether the inner pressure of
the process chamber 20 1s reduced to the first pressure Pl
(Step S04). Information whether or not the 1nner pressure of
the process chamber 20 1s reduced to the first pressure P1 1s
transmitted to the main controller 70, and 1n turn, 1s trans-
mitted from the main controller 70 to the APC controller 72.

As shown in FIG. 4, when the mnner pressure of the
process chamber 20 1s reduced to the first pressure P1, the
first APC valve 58A and the gate valve 56 (561) are opened
in response to the opening signal from the main controller
70. Simultaneously, the second APC valve 58B (581) is
closed in response to the closing signal from the APC
controller 72 (Step S05).

Then, the inner pressure of the process chamber 20 1s
reduced from the first pressure P1 toward the second pres-
sure P2 (Step S06).

<Pressure Reduction from Second Pressure to High
Vacuum Range>

Subsequently, a step of further reducing the mner pressure
of the process chamber 20 from the second pressure P2 to
the high vacuum range (also referred to as a “step of
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adjusting the inner pressure of the process chamber 20 from
the second pressure P2 to the process pressure”) 1s per-
formed.

Before the inner pressure of the process chamber 20 1s
reduced from the second pressure P2 to the high vacuum
range, the atmospheric pressure sensor 64 and the first
vacuum sensor 68 are turned off, the valve 66A 1s opened
when the mner pressure of the process chamber 20 reaches
the second pressure P2, and the second vacuum sensor 66 1s
turned on to detect whether the inner pressure of the process
chamber 20 1s reduced to the second pressure P2 (Step S07).
Information whether or not the inner pressure of the process
chamber 20 1s reduced to the second pressure P2 or not 1s
transmitted to the main controller 70, and 1n turn, 1s trans-
mitted from the main controller 70 to the APC controller 72.

As shown 1 FIG. 3, when the inner pressure of the
process chamber 20 1s reduced to the second pressure P2, the
first APC valve S8A and the gate valve 56 (561) are closed
in response to the closing signal from the main controller 70.
Simultaneously, the second APC valve 58B (581) 1s opened
by the opening signal from the APC controller 72 while
adjusting the opening degree of the second APC valve 58B
(581) (Step S08).

Then, the mner pressure of the process chamber 20 1s
maintained at a predetermined process pressure irom the
second pressure P2 (Step S09). For example, the process
pressure 1s a pressure at which a film-forming temperature 1s
reached 1n a film-forming step described later. According to
the present embodiments, as described later, the process
pressure may not be in the high vacuum state and, may be
higher than the second pressure P2. For example, after the
inner pressure ol the process chamber 20 1s further reduced
from the second pressure P2 to the high vacuum range, the
inner pressure of the process chamber 20 may be adjusted
again to the process pressure. In addition, after a leakage of
the process chamber 20 1s checked when the inner pressure
of the process chamber 20 1s reduced to the ultimate vacuum
pressure, the inner pressure of the process chamber 20 may
be adjusted again to the process pressure. In such a case, 1t
1s preferable that a purge gas such as the 1nert gas 1s supplied
when adjusting the inner pressure of the process chamber 20
from the ultimate vacuum pressure to the process pressure.

Then, while the inner pressure of the process chamber 20
1s maintained at the predetermined process pressure, the
substrate 30 1s processed (Step S10).

Subsequently, 1t 1s detected whether or not the substrate
processing of the substrate 30 1s completed (Step S10).
When information that the substrate processing 1s completed
1s transmitted to the main controller 70 after the substrate
processing 1s completed, the main controller 70 1s operated
such that the mert gas (for example, nitrogen gas) 1s supplied
into the process chamber 20 and an mnner atmosphere of the
process chamber 20 1s replaced by a nitrogen atmosphere
(Step S11). Subsequently, the first APC valve 58 A, the gate
valve 56 and the second APC valve 58B are closed in
accordance with the closing signal from the main controller
70 and the APC controller 72 such that the mner pressure of
the process chamber 20 1s increased. Thereby, the inner
pressure of the process chamber 20 1s returned to the
atmospheric pressure. When the inner pressure of the pro-
cess chamber 20 reaches a certain pressure (for example, an
arbitrary pressure equal to or less than the atmospheric
pressure), the main controller 70 may transmait an 1nstruction
for a desired pressure (for example, the atmospheric pres-
sure) to the APC controller 72, and the APC controller 72
receiving the mstruction may transmit the opening signal to
the second APC valve 38B to open the second APC valve
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58B. When opening the second APC valve 38B, it is
preferable to control the second APC valve 58B (581) such
that the 1nner pressure of the process chamber 20 reaches the
atmospheric pressure while adjusting the opening degree of
the second APC valve 58B, as described above with refer-
ence to FIG. 3 (Step S12).

Then, the processed substrates including the substrate 30
are discharged (unloaded) out of the process chamber 20.

In FIG. 5, a time duration between time points t and t' and
a time duration between time points 5t and 3t', in which the
inner pressure of the process chamber 20 1s not reduced,
indicate the amounts of time taken for switching the first
APC valve 58A, the second APC valve 58B and the gate
valve 56. However, the time durations illustrated 1in FIG. 5§
are exaggerated to facilitate the understanding of switching
the first APC valve S8A, the second APC valve 58B and the
gate valve 56, and the actual time durations for switching the
first APC valve 58A, the second APC valve 58B and the gate
valve 56 are very short.

<Comparative Example>

In FIG. 5, a pressure reduction time of reducing the inner
pressure ol the process chamber 20 according to the com-
parative example 1s shown as the pressure reduction line
“B”. A diameter of a pipe and a tflow rate of an APC valve
of a bypass exhaust line according to the comparative
example are smaller than the diameter of the pipe S4A and
a tlow rate of the second APC valve 38B of the bypass
exhaust line 34 according to present embodiments, respec-
tively. Specifically, the diameter of the pipe of the bypass
exhaust line according to the comparative example 1s 0.2
times the diameter of a main exhaust line according to the
comparative example. Therefore, 1n the pressure reduction
line “B”, the pressure reduction time of reducing the 1nner
pressure of the process chamber 20 from the atmospheric
pressure PO to the first pressure P1 1s about 5t, and the
pressure reduction time of reducing the inner pressure of the
process chamber 20 from the atmospheric pressure PO to the
second pressure P2 1s about 10t.

On the other hand, according to the present embodiments,
as described above, the diameter of the pipe 54A of the
bypass exhaust line 54 1s 0.5 times to 0.9 times the diameter
D of the pipe 52A of the main exhaust line 52. Therelore,
according to the present embodiments, as shown by the
pressure reduction line “A” 1n FIG. §, the pressure reduction
time of reducing the inner pressure of the process chamber
20 from the atmospheric pressure PO to the first pressure Pl
1s about t, and the pressure reduction time of reducing the
inner pressure of the process chamber 20 from the atmo-
spheric pressure PO to the second pressure P2 1s about 3t. In
a pressure range of the high vacuum range below the second
pressure P2, 1t 1s extremely diflicult to further reduce the
iner pressure of the process chamber 20 according to the
comparative example as shown by the pressure reduction
line “B”. However, according to the present embodiments,
since a pressure reduction efliciency of the bypass exhaust
line 54 1s higher than that of the bypass exhaust line
according to the comparative example, 1t 1s possible to
turther reduce the inner pressure of the process chamber 20
into the high vacuum range. Therefore, 1t 1s possible to
perform the substrate processing (for example, a film-
forming process) in a high vacuum state.

As described above, according to the present embodi-
ments, when the inner pressure of the process chamber 20 1s
reduced to the predetermined vacuum state, the main con-
troller 70 adjusts the opening degree of the second APC
valve 58B of the bypass exhaust line 34 to reduce the inner
pressure of the process chamber 20 to the first pressure P1.
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Here, since the diameter of the pipe S4A of the bypass
exhaust line 54 1s 0.4 times to 0.9 times the diameter of the
pipe 52A of the main exhaust line 52, an exhaust amount
according to the present embodiments 1s not smaller than an
exhaust amount according to the comparative example.
Therefore, 1t 1s possible to shorten the pressure reduction
time of reducing the mner pressure of the process chamber
20 to the first pressure P1 as compared with a substrate
processing apparatus according to the comparative example.
In addition, since the opening degree of the second APC
valve 58B 1s adjusted to reduce the inner pressure of the
process chamber 20, 1t 1s possible to suppress the diffusion
of the particles 1n the process chamber 20 as compared with
a case where the gate valve 56 and the first APC valve 58A
of the main exhaust line 52 are opened to perform an initial
exhaust.

When the mner pressure of the process chamber 20 1s
reduced to the first pressure P1, by closing the second APC
valve 58B and opening the gate valve 56 and the first APC
valve 58A, the gas 1n the process chamber 20 1s exhausted
through the main exhaust line 52 including the pipe 52A.
Thereby the exhaust amount per unit time 1s increased, and
the pressure reduction time of reducing the inner pressure of
the process chamber 20 to the second pressure P2 can be
shortened. That 1s, since the pressure reduction time of
reducing the mner pressure of the process chamber 20 to the
high vacuum state can be shortened, the present embodi-
ments can be applied to the substrate processing performed
in a high vacuum state, which 1s recently more in use.

When the iner pressure of the process chamber 20 1s
reduced to the second pressure P2, the gate valve 56 and the

first APC valve 58A are closed, the second APC valve 58B

1s opened, and the mner pressure of the process chamber 20
1s further reduced into the high vacuum range of a higher
vacuum degree. Since a responsiveness of the second APC
valve 58B 1s higher than that of the gate valve 56 or that of
the first APC valve 58A, and the diameter of the pipe S4A
of the bypass exhaust line 54 1s smaller than the diameter of
the pipe 52A of the main exhaust line 52, 1t 1s possible to
achieve the high vacuum state without an air leakage.

<Substrate Processing>

Hereinaliter, a substrate processing method including a
predetermined process, which 1s performed by using the
substrate processing apparatus 100 according to the present
embodiments, will be described. For example, the predeter-
mined process will be described by way of an example in
which the substrate processing serving as a part of manu-
facturing processes of the semiconductor device 1s per-
formed as the predetermined process.

When performing the substrate processing, the process
recipe 1s loaded 1mn a component such as a memory (not
shown). Then, the main controller 70 transmits a control
instruction to the APC controller 72 and transmits an opera-
tion 1nstruction to a process system controller (not shown) or
a transfer system controller (not shown). The substrate
processing performed as described above includes at least a
loading step, a film-forming step and an unloading step.

<Transier Step>

The main controller 70 controls a substrate transier device
(which 1s a substrate transier mechanism, not shown) to start
a transier process of transierring (loading) the substrate 30
to the boat 26. The transier process 1s performed until the
substrates scheduled to be loaded into the boat 26 including
the substrate 30 are completely loaded into the boat 26
(watler charging).
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<Loading Step>

When a predetermined number of the substrates (that 1s,
the plurality of the substrates including the substrate 30) are
loaded into the boat 26, the boat 26 1s elevated by the boat
clevator (not shown), and 1s loaded into the process chamber
20 provided 1n the reaction furnace 10 (boat loading). When
the boat 26 1s completely loaded into the process chamber
20, the furnace opening lid 28 airtightly closes the lower end
of the furnace opening flange 14 of the reaction furnace 10.

<Film-Forming Step>

Thereatter, the iner atmosphere of the process chamber
20 1s vacuum-exhausted by a vacuum exhaust device (not

shown) such as a vacuum pump (not shown) in accordance
with an mstruction from the APC controller 72 such that the

inner pressure of the process chamber 20 reaches the pre-
determined process pressure (vacuum degree). In addition,
the process chamber 20 1s heated by the heater 18 in
accordance with an 1mstruction from a temperature controller
(not shown) such that an mner temperature of the process
chamber 20 reaches a predetermined process temperature.
Subsequently, the boat 26 and the plurality of the substrates
including the substrate 30 accommodated 1n the boat 26 are
rotated by a rotator (which 1s a rotating mechanism, not
shown). While the inner pressure of the process chamber 20
1s maintained at the predetermined process pressure and the
inner temperature of the process chamber 20 1s maintained
at the predetermined process temperature, a predetermined
gas such as a process gas 1s supplied to the plurality of the
substrates including the substrate 30 accommodated 1n the
boat 26 1n order to perform the predetermined process (1o
example, the film-forming process) to the substrate 30. The
inner temperature of the process chamber 20 may be low-
ered from the process temperature (that 1s, the predetermined
process temperature) before the performing the unloading
step.

<Unloading Step>

After the film-forming step to the substrate 30 accommo-
dated in the boat 26 1s completed, the rotator stops the
rotation of the boat 26 and the plurality of the substrates
including the substrate 30 accommodated 1n the boat 26.
Then, the 1nner atmosphere of the process chamber 20 is
replaced by the nitrogen atmosphere (nitrogen substitution
step), and the inner pressure of the process chamber 20 1s
returned to the atmospheric pressure. The furnace opening
lid 28 1s lowered in order to open the lower end of the
furnace opening flange 14. The boat 26 with the processed
substrates including the substrate 30 accommodated therein
are then transterred (unloaded) out of the reaction furnace 10
(boat unloading).

<Collection Step>

Thereafter, the boat 26 with the processed substrates
including the substrate 30 accommodated therein 1s very
ellectively cooled by clean air ejected from a clean air
supplier (which 1s a clean air supply mechanism, not
shown). For example, when the boat 26 1s cooled to 150° C.
or lower, the processed substrates including the substrate 30
are transierred (discharged) from the boat 26 (waler dis-
charging) to a pod (not shown). When a batch processing 1s
continuously performed, other unprocessed substrates may
be transierred to the boat 26.

As described above, according to the present embodi-
ments, the mmner atmosphere of process chamber 20 1s
vacuum-exhausted 1n at least one among the step of reducing
the inner pressure ol the process chamber 20 from the
atmospheric pressure PO to the first pressure P1, the step of
reducing the mner pressure of the process chamber 20 from
the first pressure P1 to the second pressure P2 and the step
of adjusting the inner pressure of the process chamber 20
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from the second pressure P2 to the process pressure. In
addition, the purge gas may be supplied in at least one
among the steps described above while the inner atmosphere
ol process chamber 20 1s vacuum-exhausted.

As described above, according to the present embodi-
ments, two vacuum sensors (that 1s, the first vacuum sensor
68 and the second vacuum sensor 66) are used to detect the
inner pressure of the process chamber 20 1n the step of
reducing the inner pressure of the process chamber 20 from
the atmospheric pressure PO to the first pressure P1, the step
of reducing the inner pressure of the process chamber 20
from the first pressure P1 to the second pressure P2 and the
step of adjusting the inner pressure of the process chamber
20 from the second pressure P2 to the process pressure.
However, a vacuum sensor “A” may be used to detect the
inner pressure of the process chamber 20 i the step of
reducing the inner pressure of the process chamber 20 from
the atmospheric pressure PO to the first pressure Pl, a
vacuum sensor “B” may be used to detect the inner pressure
of the process chamber 20 in the step of reducing the mner
pressure of the process chamber 20 from the first pressure P1
to the second pressure P2, and a vacuum sensor “C” may be
used to detect the 1nner pressure of the process chamber 20
in the step of adjusting the inner pressure of the process
chamber 20 from the second pressure P2 to the process
pressure 1n a high vacuum state.

As described above, according to the present embodi-
ments, since the mner pressure of the process chamber 20 1s
reduced from the pressure near the atmospheric pressure to
a certain negative pressure (for example, the first pressure)
while adjusting the opening degree of the APC valve, 1t 1s
possible to adjust the inner pressure of the process chamber
20 1nto a high vacuum state 1n a short time without diffusing
the particles in the process chamber 20.

<Other Embodiments>

While the embodiments of the technique described above
1s mainly described by way of an example in which the
process pressure 1s lower than the second pressure P2, the
technique 1s not limited thereto. The process pressure may
be higher than the second pressure P2. Hereinaliter, other
embodiments where the process pressure 1s higher than the
second pressure P2 will be described. Since the step of
reducing the inner pressure of the process chamber 20 from
the atmospheric pressure to the first pressure P1 according to
the other embodiments 1s the same as described above, and
a description thereof will be omitted. According to the other
embodiments, when the inner pressure of the process cham-
ber 20 reaches the first pressure P1, the inner atmosphere of
the process chamber 20 1s exhausted to reduce the inner
pressure of the process chamber 20 through the pipe 52A of
the main exhaust line 52 by closing the second APC valve
58B and opening the gate valve 56 while adjusting the
opening degree of the first APC valve 58A such that the
iner pressure of the process chamber 20 reaches the process
pressure.

Alternatively, when the inner pressure of the process
chamber 20 1s reduced to a certain pressure by opening the
first APC valve 58A according to the process pressure, the
opening degree of the first APC valve S8A may be adjusted
such that the inner pressure of the process chamber 20
reaches the process pressure. The certain pressure reduced
by opening the first APC valve S8A may be higher or lower
than the process pressure because 1t may be reduced to a
pressure near the process pressure.

Even 1n the other embodiments, since the inner pressure
of the process chamber 20 1s reduced from the pressure near
the atmospheric pressure to the certain negative pressure (for
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example, the first pressure) while adjusting the opening
degree of the APC valve, 1t 1s possible to adjust the inner
pressure of the process chamber 1nto the process pressure in
a short time without diffusing the particles in the process
chamber.

According to some embodiments in the present disclo-
sure, 1t 1s possible to adjust the mner pressure of the process
chamber mnto a high vacuum state 1n a short time without
diffusing the particles in the process chamber.

What 1s claimed 1s:

1. A substrate processing apparatus comprising;

a process chamber in which a substrate 1s processed;

a main exhaust line comprising;

a first pipe configured to discharge a gas from the
process chamber;

a first openming degree adjusting valve provided at the
first pipe;

an opening/closing valve provided at the first pipe; and

a pressure sensor provided at the first pipe and config-
ured to detect an inner pressure of the process
chamber;

a bypass exhaust line comprising;

a second pipe connected to the main exhaust line; and

a second opening degree adjusting valve provided at
the second pipe; wherein a diameter of the second
pipe 1s less than that of the first pipe and

a controller configured to adjust the iner pressure of the

process chamber to a process pressure by performing;:

(a) reducing the mner pressure of the process chamber
from an atmospheric pressure to a {irst pressure via
the bypass exhaust line, by adjusting an opening
degree of the second opening degree adjusting valve
based on information from the pressure sensor;

(b) reducing the 1nner pressure of the process chamber
to a second pressure lower than the first pressure via
the bypass exhaust line, by closing the second open-
ing degree adjusting valve and opening the opening/
closing valve and the first opening degree adjusting
valve when the inner pressure of the process cham-
ber reaches the first pressure; and

(c) when the process pressure 1s lower than the second
pressure, adjusting the mner pressure of the process
chamber to the process pressure by closing the first
opening degree adjusting valve and the opening/
closing valve and opening the second opening degree
adjusting valve while adjusting the opening degree
of the second opening degree adjusting valve; and
when the process pressure 1s higher than the second
pressure, adjusting the mner pressure of the process
chamber to the process pressure by adjusting an
opening degree of the first opening degree adjusting,
valve.

2. The substrate processing apparatus of claim 1, wherein
the pressure sensor comprises a first vacuum sensor and a
second vacuum sensor, the inner pressure ol the process
chamber 1s reduced to the second pressure based on infor-
mation from the first vacuum sensor in (b), and the inner
pressure of the process chamber 1s adjusted from the second
pressure to the process pressure based on information from
the second vacuum sensor in ().

3. The substrate processing apparatus of claim 1, wherein
the opening/closing valve and the first opening degree
adjusting valve are closed 1n (a).

4. The substrate processing apparatus of claim 3, wherein
an opening degree of the first opeming degree adjusting valve
1s maintained at 0% 1n (a).
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5. The substrate processing apparatus of claim 1, wherein
an opening degree of the first opening degree adjusting valve
1s maintained at 100% 1n (b).

6. The substrate processing apparatus of claim 1, wherein
a ratio of a diameter of the first pipe to a diameter of the
second pipe 1s 1.0:0.2 or more and 1.0:0.8 or less.

7. The substrate processing apparatus of claim 1, wherein
a diameter of the second pipe 1s 80 mm or more and 100 mm
or less.

8. The substrate processing apparatus of claim 1, wherein
a purge gas 1s supplied 1n at least one among (a), (b) and (c).

9. The substrate processing apparatus of claim 1, wherein,
when the process pressure 1s less than the second pressure,
the 1nner pressure of the process chamber 1s adjusted to the
process pressure by: reducing the inner pressure of the
process chamber to a vacuum pressure less than the second
pressure; and adjusting the inner pressure of the process
chamber from the vacuum pressure to the process pressure
by adjusting the opening degree of the second opeming
degree adjusting valve while supplying a purge gas.
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